The tomato (Solanum lycopersicum) is the most important vegetable crop cultivated in Brazil. In 2010, a total of 4.2 million metric tonnes were harvested in a cultivated area of 64.7 thousands hectares. It is estimated that 2.0 million tonnes, about 60% of the total production, was marketed for fresh produce and the remaining 40% was designated for industrial use. According to the world statistics available from 2005 to 2010, Brazil was ranked as the 9 th largest tomato producer (Faostat, 2012) .
The use of F 1 hybrids provides some advantages to growers and consumers, particularly increased yield, earliness, greater fruit uniformity, improved standardization and fruit quality, enhanced pest and disease resistance or tolerance, extended keeping qualities, and reduced seed cost per area unit (Melo et al., 1988; Koch, 1995; Maluf, 2001 , Souza et al., 2012 . In general, simple hybrid schemes are used to obtain hybrid seeds of self pollinated species, such as tomato, since homozygous species do not lose their vigor, thus not affecting seed production.
Tomato breeding programs have traditionally focused on developing hybrids with improved agronomic performance particularly traits related to yield and fruit quality. For that reason, expanding knowledge about the nature and magnitude of correlations between traits of interest is of utmost importance. Selection for a particular trait may either increase or reduce the expression of another trait, depending on the genetic correlation between them.
Phenotypic correlations are estimated directly from values measured in the field and are the result of genetic and environmental causes. Only the genetic portion of phenotypic correlations is used to guide breeding programs, because it represents the ABSTRACT Genotypic, phenotypic and environmental correlations were estimated for all possible pairs among eleven characters of tomatoes. Fifteen treatments including five parents and ten hybrids of Instituto Agronômico (IAC) tomato breeding program were evaluated using a randomized complete block experimental design, with tree replications in Itatiba, São Paulo state, Brazil, during 2005/2006. The following traits were evaluated: fruit yield per plant (FP), fruit number per plant (FN), average fruit weight (FW), cluster number per plant (CN), fruit number per cluster (FC), number of locules per fruit (NL), fruit length (FL), fruit width (WI), fruit wall thickness (FT), total soluble solids (SS), and total titratable acidity (TA). The genotypic (r G ), phenotypic (r F ) and environmental correlations (r A ) for two pairs of plant traits were estimated using the Genes © program. High similarity was found among the estimates of genotypic and phenotypic correlations. Positive and high phenotypic and genotypic correlations were observed between FP and the traits FN, FW and FT, and these associations contributed for yield increasing. FW and FT contributed to yield increase and should be considered together as primary yield components in tomato. Positive values of the genotypic and phenotypic correlations revealed that FP influenced FN with high direct effect and significant positive correlation. These traits may be included as the main selection criteria for tomato yield improvement.
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RESUMO
Correlações entre caracteres de produção e qualidade de frutos de tomate de mesa Correlações fenotípica, genotípica e ambiental foram estimadas entre todos os possíveis pares de onze caracteres de tomate de mesa. Quinze tratamentos, incluindo cinco parentais e dez híbridos do programa de melhoramento de tomate do Instituto Agronômico (IAC) foram testados no delineamento em blocos casualizados completos, em Itatiba-SP, em 2005/2006. Os seguintes caracteres foram avaliados: produção (FP), número (FN) e peso médio do fruto (FW), número de pencas por planta (CN), número de frutos por penca (FC), número de lóculos por fruto (NL), comprimento do fruto (FL), largura do fruto (WI), espessura da parede do fruto (FT), sólidos solúveis totais (SS) e acidez titulável total (TA). Os coeficientes de correlação genotípica (r G ), fenotípica (r F ) e ambiental (r A ) para cada par de caracteres foram estimados pelo programa Genes © . Houve grande similaridade entre as estimativas das correlações genotípicas e fenotípicas estudadas. As correlações genotípica e fenotípica entre FP e os caracteres FN, FW e FT foram positivas e altas, contribuindo para o aumento da produção. FW e FT devem ser considerados, em conjunto, como componentes primários na produção de tomate. Os valores positivos das correlações genotípicas e fenotípicas revelaram que FP influenciou FN com efeito direto e alta correlação positiva e significativa. Esses caracteres podem ser incluídos como principais critérios de seleção para aumento da produtividade em tomateiro.
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only component of inheritable nature. Correlation studies provide important information for genetic breeding, since they enable to identify and determine the proportion of the phenotypic correlation that is associated with genetic causes, to verify whether the selection for a certain trait influences another one, to quantify indirect gains due to selection on correlated traits, and to evaluate the complexity of the traits (Cruz et al., 1988; Tiwari & Upadhyay, 2011) . If two characters exhibit high genetic correlation, it is possible to obtain a gain in one of them through indirect selection of the other trait. This is advantageous when a character of high economic value has low heritability, when compared to the associated trait. This implies that selection may be based on either the character having high heritability or the one that is more easily evaluated, with the objective of co-inheriting the associated trait.
Haydar et al. (2007) observed a correlation between fruit yield and the number of fruits per plant. On the other hand, Singh et al. (1977) found that the number of locules per fruit correlates negatively with the number of fruits per raceme. Tasisa Fruit yield is a complex trait with polygenic inheritance, and correlation studies provide information that selection for one character results in progress for all positively correlated characters. Correlation studies in tomato breeding programs are useful when highly heritable traits are associated with an important trait like yield.
This study was carried out with the objective to estimate the genotypic, phenotypic, and environmental correlation coefficients between eleven traits related to tomato yield and fruit quality.
MATERIAL AND METHODS
Five homozygous tomato lines with indeterminate growth habit of IAC tomato breeding program, and all possible F 1 hybrids between them (leaving reciprocals out of consideration) were used to carry out this study. The experiments were set up under greenhouse conditions at the Syngenta Seeds Experiment Station located in Itatiba, São Paulo state (23°00'21"S, 46°50'20"W), from 2005 to 2006, including the parentals, ten hybrids and one check, which were replicated three times and arranged in a completely randomized block design. The experimental plot comprised six plants, and the data were obtained per plant. A spacing of 1 m between rows, and 0.5 m between plants within the row was used. Seed sowing was done in August 2005 using expanded polystyrene seedling trays, and the seedlings were planted when they had four to six true leaves. Fertilizer was applied as recommended by soil analysis and the plants were irrigated by drip irrigation. Pests and diseases were controlled as required by the crop.
The evaluated yield components were fruit yield per plant (FP), fruit number per plant (FN), average fruit weight (FW), cluster number per plant (CN), fruit number per cluster (FC), fruit wall thickness (FT) and number of locules per fruit (NL). These traits were evaluated when fruits of the plants of each plot were fully ripen, and a total of five harvests were made in a period of 58 days.
For fruit quality components evaluation five random samples per plot were harvested, each 10-15 days. It were evaluated total soluble solids (SS) measured with refractometer (Carvalho, 1990) ; total titratable acidity (TA) using the method of Chitarra & Chitarra (1990); fruit length (FL), and fruit width (WI). Although the data were from individual plants, analysis were performed based on plot means. The Genes © software (Windows version 2004.2.1), developed by Cruz (2004) was used to estimate the genotypic (r G ), phenotypic (r F ), and environmental (r A ) correlation coefficients for each pair of traits.
RESULTS AND DISCUSSION
Phenotypic and genotypic correlation coefficients are showed in Tables 1 and 2. The results revealed that for all trait pairs, the signals and magnitude of the values were either equal or very close to each other. In most cases, the values of genotypic correlations (Table 2) were slightly higher than phenotypic ones (Table 1 ). In general, both genotypic and phenotypic correlations were higher than the environmental ones (Table  3) , indicating an inherent association between several traits regardless of environmental factors influence. The findings clearly showed that genotypic correlations were of higher magnitude to the corresponding phenotypic ones, thereby establishing strong relationship among the traits studied, and these results agree with those obtained by Tiwari & Upadhyay (2011).
In general, breeders consider 0.5 a high correlation coefficient . In fact, out of a total of 55 possible combinations between the eleven traits studied, only four environmental correlation coefficients were greater than their corresponding genotypic correlation coefficient.
There was a positive and significant correlation between FP and FN, FW, CN, TA, FT. Fruit yield per plant exerted a significant and positive association with FN at genotypic (0.950) and phenotypic (0.944) levels. For the same genotypes, Souza et al. (2012) observed high general and specific combining ability, and high heterotic responses for total fruit weight and fruit number per plant.
Also, Anjun et al. (2009) observed high positive significant correlation between these two economically important traits at both phenotypic as well as genotypic levels. CN showed positive and significant genotypic and phenotypic correlation with FP by having positive direct effect at both levels, indicating the true relationship between them and the feasibility to exploit the potentiality of this trait for effective direct selection to improve FP (Tasisa et al., 2012) and corroborated with results obtained by Ghosh et al. (2010) .
The associations observed may be valuable for the development of tomato hybrids involving the studied genotypes.
According to Haydar et al. (2007) , the positive associations of these traits may lead to yield increasing. Yield is a complex trait associated with a number of plant and fruit. It is the prime concern of the plant breeder and is the final factor on which selection programs are to be envisaged. All changes in yield must be accompanied by changes in one or more characters (Graffius, 1964) .
Environmental correlations greater than 0.5 were found between FP with FN (0.950), FW (0.854), CN (0.668), and FC (0.830) indicating that these correlations were more influenced by the environment than by the genetic factors (Table 3 ). The positive genotypic correlation observed between FP and Table 1 . Estimate of phenotypic correlation coefficients between eleven fruit characters in a diallelic cross between fresh market tomato lines (estimativa dos coeficientes de correlação fenotípica entre onze caracteres de frutos em um cruzamento dialélico entre linhagens de tomate). Itatiba, IAC, 2006. NL= number of locules per fruit; FL= fruit length; WI= fruit width; FT= fruit wall thickness; SS= total soluble solids; TA= total titratable acidity (FP= produção de frutos por planta; FN= número de frutos por planta; FW= peso médio do fruto; CN= número de inflorescências por planta; FC= número de frutos por inflorescência; NL= número de lóculos por fruto; FL= comprimento do fruto; WI= largura do fruto; FT= espessura da parede do fruto; SS= sólidos solúveis totais; TA= acidez titulável total); * and ** indicate significance at the 1% and 5% levels by the t test, respectively ( * e ** indicam significância a 1% e 5% pelo teste t, respectivamente). 
Character
FP= fruit yield per plant; FN= fruit number per plant; FW= average fruit weight; CN= cluster number per plant; FC= fruit number per cluster; NL= number of locules per fruit; FL= fruit length; WI= fruit width; FT= fruit wall thickness; SS= total soluble solids; TA= total titratable acidity (FP= produção de frutos por planta; FN= número de frutos por planta; FW= peso médio do fruto; CN= número de inflorescências por planta; FC= número de frutos por inflorescência; NL= número de lóculos por fruto; FL= comprimento do fruto; WI= largura do fruto; FT= espessura da parede do fruto; SS= sólidos solúveis totais; TA= acidez titulável total); * and ** indicate significance at the 1% and 5% levels by the t test, respectively ( * e ** indicam significância a 1% e 5% pelo teste t, respectivamente).
FW is not in agreement with those results found by Rani et al. (2008) but it agrees with the results of Haydar et al. (2007) and similar results were also reported by Mehta & Asati (2008) . This variance could be due to differences in genotypes and environments in which the studies were carried out. Number of locules per fruit exhibited a positive value of 0.580, and significant correlation with FW indicating that the increase in number of locules was accompanied by an increase in average fruit weight. Fruit width also correlates positively with NL and FW, indicating that bigger and heavier fruits also usually have a greater NL. According to Melo et al. (1988) , NL is a basic component of FW, which, on its turn, is a primary component of FP. Tiwari & Upadhyay (2011) reported that plant height, fruit diameter and fruit length were directly responsible for the determination of fruit yield in tomato. Haydar et al. (2007) also observed that fruit weight exerted high positive and direct effect on fruit yield per plant.
There was a negative genotypic association between FC and FT (-0.701), which means that an increase in the number of fruits per cluster may reduce FT. Analysis of the other correlations involving FC shows that this trait also is negatively correlated with WI, SS, and TA. Thus, among the genotypes studied, an increase in FC will decrease FT, SS and TA. For that reason, to improve these traits should not base efforts on FC. Tasisa et al. (2012) found similar results and indicated that these traits play an important role in tomato breeding program.
When associated with SS and TA, all the traits investigated in this study showed low or even negative genotypic correlations, indicating that an increase in SS and TA should not be attempted indirectly through selection of other traits. Similar results have also been reported by Carvalho et al. (2003) and Bernousi et al. (2011) . Association of SS with fruit yield and weight was not significant according to Rani et al. (2008) .
Genotypic correlations showed values very close to those of phenotypic correlations, both being elements of the same signal. This clearly shows that the genetic factors contributed more than the environmental factors to the correlations studied and that the phenotype adequately reflected the genotype. The results of this study are valid only for the homozygous lines included in this work.
The present study suggests that positive values of the genotypic and phenotypic correlations between FP and FN, FW and FT contributed to yield increase and should be considered together as primary yield components in tomato breeding. Table 3 . Estimate of environmental correlation coefficients between eleven fruit characters in a diallelic cross between tomato lines (estimativa dos coeficientes de correlação ambiental entre onze caracteres de frutos em um cruzamento dialélico entre linhagens de tomate). Itatiba, IAC, 2006. NL= number of locules per fruit; FL= fruit length; WI= fruit width; FT= fruit wall thickness; SS= total soluble solids; TA= total titratable acidity. (FP= produção de frutos por planta; FN= número de frutos por planta; FW= peso médio do fruto; CN= número de inflorescências por planta; FC= número de frutos por inflorescência; NL= número de lóculos por fruto; FL= comprimento do fruto; WI= largura do fruto; FT= espessura da parede do fruto; SS= sólidos solúveis totais; TA= acidez titulável total); * and ** indicate significance at the 1% and 5% levels by the t test, respectively ( * e ** indicam significância a 1% e 5% pelo teste t, respectivamente).

